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PRYHPHQWRIWKHVSLQGOHER[DORQJWKHEHGLVGHILQHGDV<D[LVDQGWKHGLUHFWLRQRIERULQJD[LVLVGHILQHGDV
=D[LV0XOWLVXUIDFHPDFKLQLQJFDQEHUHDOL]HGE\RQHIL[WXUHVLQFHWKHKRVWDQGWKHURWDU\WDEOHFRXOGZRUN
DWWKHVDPHWLPH
,Q WKLVPDFKLQH WRRO WKHUH DUH WKUHHK\GURVWDWLF JXLGHZD\VZKLFK DUH FROXPQPRYHPHQW JXLGH VSLQGOH
KHDG PRYHPHQW JXLGH DQG WKH UDP PRYHPHQW JXLGH 7KH PDLQ GULYH KDV  YDULDEOH VSHHGV 7KH EHG LV
LQVWDOOHGRQWKHIORRUWKHVOLGHPRYHZLWKWKHUDFNRQWKHEHGDQGWKHFROXPQZDVLQVWDOOHGRQWKHVOLGH7KH
VSLQGOHER[PRYHVDORQJWKHFROXPQZKLFKLVGURYHE\WKHEDOOVFUHZ6SLQGOHER[KDVDIUDPHVWUXFWXUHDQG
WKHUDPPRYHVWKURXJKWKHVTXDUHKROHLQWKHKHDGVWRFN7KHERULQJD[LVPRYHVLQWKHUDP+HDGVWRFNUDP
ERULQJD[HDUHDOOGURYHE\VFUHZ$GXDOUDFNDQGSLQLRQLVXVHGRQWKHFROXPQWRHOLPLQDWHWKHJDSLQWKH
GULYLQJV\VWHP7KHUHDUHDFFXUDF\FRPSHQVDWLRQVZKHQUDPVWUHWFKHVRXW7KLVPDFKLQH WRRO LVHTXLSSHG
ZLWK&1&WXUQWDEOHDQGWKHPDFKLQHWRROFDQDFKLHYHDQLQHD[LVFRQWURODQGILYHD[LVOLQNDJH
 
)LJXUH6WUXFWXUHDQGG\QDPLFPRGHORIWKHRYHUZHLJKW&1&%RULQJDQG0LOOLQJ0DFKLQH
'\QDPLF0RGHODQG$QDO\VLV
7KHYLUWXDOSURWRW\SHPRGHO RI WKHPDFKLQH WRRO LVHVWDEOLVKHG6RPHGHWDLOHG VWUXFWXUHVRI WKHPDFKLQH
WRRO DUH VLPSOLILHG WR VRPH H[WHQW IRU WKH G\QDPLF DQDO\VLV 7KH UHODWLRQVKLSV EHWZHHQ WKH YDULRXV
FRPSRQHQWVDUHGHILQHGDFFRUGLQJWRWKHVWUXFWXUDOIHDWXUHV
,Q WKH VLPXODWLRQ DQDO\VLV NLQHPDWLF FRQVWUDLQWV DUH DSSOLHG WR WKH DFWLYH MRLQWV LQVWHDG RI WKH PRWRUV
$FFRUGLQJWRWKHWHFKQLFDOVSHFLILFDWLRQVUHTXLUHGWKHVSHHGRIWKHGULYHFRPSRQHQWVLVVHWWRDFHUWDLQUDQJH
7KHQWKHGLVSODFHPHQWYHORFLW\DFFHOHUDWLRQFDQEHFDOFXODWHGUHVSHFWLYHO\)RUH[DPSOHDVLPSOHKDUPRQLF
PRWLRQLVLPSRVHGWRWKHVOLGH VLQ Y W= WKHQWKHPRYHPHQWRIWKHKHDGVSRLQWRIWKHWRROFRXOGEH
REWDLQHGDVILJXUHDQGILJXUH

)LJXUH'LVSODFHPHQWDQGYHORFLW\FXUYHRIKHDGVSRLQWRIWKHWRRO

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)LJXUH$FFHOHUDWLRQFXUYHRIKHDGVSRLQWRIWKHWRRO
6WDWLFVWLIIQHVVDQDO\VLV
7KH RYHUDOO DQG WKUHH GLUHFWLRQV GHIRUPDWLRQ DUH VKRZQ LQ ILJXUH  0D[LPXP GHIRUPDWLRQ YDOXH RI WKH
PDFKLQH WRRO LVPPZKLFKRFFXUUHGDW WKH WRSRI WKHFROXPQ7KHPD[LPXPGHIRUPDWLRQYDOXHRI;
GLUHFWLRQDQG LVPPDQG WKHRQHRI;GLUHFWLRQDQG LVPPZKLFKERWKRFFXUUHGDW WKH WRSRI WKH
FROXPQDVZHOO7KHPD[LPXPGHIRUPDWLRQYDOXHRI=GLUHFWLRQDQGLVPPZKLFKRFFXUUHGDWWKHHQG
RIWKHVSLQGOHER[
7KHYDOXHRIWKHRYHUDOOVWLIIQHVVRIWKHPDFKLQHWRROLV1PPWKHRQHRI;GLUHFWLRQLV
1PP<GLUHFWLRQ1PPDQG=GLUHFWLRQ1PP

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)LJXUH'HIRUPDWLRQPDSV
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7KURXJK WKH DERYH DQDO\VLV LW LV VKRZQ WKDW WKH VWLIIQHVV LV ZRUVW LQ ; GLUHFWLRQ ZKLFK LV GXH WR WKH
K\GURVWDWLFJXLGHZD\LQ;GLUHFWLRQDQGEHVWLQ<GLUHFWLRQ
7KH VWLIIQHVV RI WKH PDFKLQH WRRO LV PDGH XS RI WKH VWLIIQHVV RI LWV FRPSRQHQWV 6R IURP WKH YLHZ RI
EDODQFHWKHVWLIIQHVVRIWKHYDULRXVFRPSRQHQWVVKRXOGEHPDGHURXJKO\HTXDOLQRUGHUWRPDNHWKHVWLIIQHVV
RIWKHZKROHPDFKLQHWRROEHWWHU)RUH[DPSOHWKHIROORZLQJPHDVXUHVFRXOGEHWDNHQWRLQFUHDVHWKHVWLIIQHVV
RIWKHZKROHPDFKLQHWRROFKRRVHWKHFRQWRXUVL]HDQGVKDSHRIWKHFRPSRQHQWUHDVRQDEO\DUUDQJHSDUWLWLRQV
DQGZLUHURGDSSURSULDWHO\LPSURYHWKHPDFKLQLQJDFFXUDF\DQGVXUIDFHILQLVKRIWKHMRLQWVXUIDFHV
0RGDODQDO\VLV
2Q WKH PRGHO RI WKH KHDY\ ERULQJPLOOLQJ PDFKLQH $QV\V WKH PHFKDQLFDO DQDO\VLV VRIWZDUH LV XVHG WR
DQDO\]HWKHZKROHPDFKLQHWRRO)RUWKHSXUSRVHRIPDNLQJWKHDQDO\VLVPRUHHIILFLHQW WKHFRPSXWLQJWLPH
VKRUWHUDQGVLPXODWLQJ WKHUHDOVLWXDWLRQRI WKHPDFKLQHDW WKHVDPHWLPHDVHULHVRIPHDVXUHVDUH WDNHQ WR
VLPSOLI\ WKH FRQQHFW UHODWLRQVKLS EHWZHHQ GLIIHUHQW SDUWV RI WKH PDFKLQH $IWHU DOO WKHVH ZRUN WKH PRGDO
DQDO\VLV UHVXOW LVREWDLQHG WKH ILUVWRUGHU IUHTXHQF\ZDV+]DQG LWV FRUUHVSRQGLQJPRGHRIYLEUDWLRQ
ZDV VZLQJLQJ IRUH DQG EDFN  WKH VHFRQGRUGHU IUHTXHQF\ZDV +=DQG LWV FRUUHVSRQGLQJPRWLRQZDV
VZLQJLQJOHIWDQGULJKWWKHWKLUGRUGHUIUHTXHQF\ZDV+=LWWZLVWHGIURPOHIWWRULJKWWKHIRXUWKRUGHU
IUHTXHQF\ZDV+=LWWZLVWHGIRUHDQGEDFNWKHILIWKRUGHUIUHTXHQF\ZDV+=WKHPDFKLQHVZXQJ
QRWRQO\IURPOHIWWRULJKWEXWDOVRIURPXSVLGHWRGRZQVLGHWKHVL[HGRUGHUIUHTXHQF\ZDV+=WKH
PDFKLQHVZXQJIRUHDQGEDFNDQGDOVRVZXQJIURPXSVLGHWRGRZQVLGHDWWKHVDPHWLPH7KHUHVXOWLVVKRZQ
LQILJXUH

  
  
)LJXUH7KHVL[PRGHVRIWKHZKROHPDFKLQHWRRO
)RU D YLEUDWLRQ V\VWHP LWV DPSOLWXGH LV LQYHUVHO\ SURSRUWLRQDO WR LWV QDWXUDO IUHTXHQF\ XQGHU FHUWDLQ
FRQGLWLRQV$VZHDOONQRZQWKHQDWXUDOIUHTXHQF\RIDPDFKLQHV\VWHPLVGHFLGHGE\WKHQDWXUDOIUHTXHQF\RI
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LWV ZHDN SDUWV WKHUHIRU WKH YLEUDWLRQ SKHQRPHQD FDQ EH LPSURYHG HIIHFWLYHO\ E\ LQFUHDVLQJ WKH QDWXUDO
IUHTXHQF\RI WKHZHDNSDUWV LQ WKHHODVWLF V\VWHP,W LVNQRZQ WKDW UHVRQDQFHZLOORFFXUZKHQ WKHYLEUDWLRQ
IUHTXHQF\LVDSSURDFKLQJWRWKHQDWXUDOIUHTXHQF\RIWKHV\VWHP6RZHVKRXOGPDNHWKHGLVWXUELQJIUHTXHQF\
IDUDZD\IURPWKHQDWXUDOIUHTXHQF\RIWKHZHDNSDUWVLQRQHPDFKLQHSURFHVVLQJV\VWHP
6WUHVV$QDO\VLV
%\DSSO\LQJORDGRQWKHPDFKLQHWRROZHJRWWKHVWUHVVGLVWULEXWLRQLQWKHILJXUH


)LJXUH6WUHVVGLVWULEXWLRQ
7KHPD[LPXPVWUHVVYDOXHLV03DWKHDOORZHGVWUHVVLV03DZKLFKKDSSHQVDWWKHVOLGLQJVHDW
DQGWKHPLOOLQJD[LV7KHPDLQUHDVRQVRIWKHVHVWUHVVHVDUHPHFKDQLFDOJUDYLW\DQGRXWVLGHIRUFH
)DWLJXHDQDO\VLV
)URPWKH OLIHFRQWRXU ILJXUHRI WKHPDFKLQH WRROZHFDQJHW WKRVH OLPLWF\FOH LQGH[RIHYHU\PDFKLQHSDUWV
FDXVHGE\IDWLJXHWKHPD[LPXPYDOXHLVHZKLFKLVQDPHO\WKHPD[LPXPOLIHWLPHRIWKHPDFKLQHWRRO
WKHPLQLPXPOLIHWLPHLVHF\FOHVZKLFKKDSSHQVRQWKHXSULJKWFROXPQWKHVOLGLQJVHDWDQGWKHEDVHSDUW

 
)LJXUH/LIHDQGWKHVDIHW\IDFWRUPDS
6DIHW\IDFWRUFRQWRXULVDJURXSRIGDWDDERXWIDWLJXHIDLOXUHXQGHUFHUWDLQGHVLJQOLIHWLPHHF\FOHV7KH
GHIDXOWPD[LPXPVDIHW\IDFWRULV7KHPHFKDQLFDOVDIHW\IDFWRUFRQWRXUZDVVKRZQLQILJXUHIURPZKLFK
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ZHFDQJHWWKHVDIHW\IDFWRURIHYHU\SDUW7KHPLQLPXPYDOXHLVZKLFKKDSSHQDWWKHVOLGLQJVHDWDQG
WKDWPHDQVWKDWWKHOLIHWLPHDWWKHVHORFDWLRQVLVVKRUWHVWZKLFKPHDQVLWVSUREDELOLW\WRIDLOXUHLVODUJHVW
%LD[LDOLW\ LQGLFDWLRQ GHQRWHV WKH UDWLR EHWZHHQ WKH PLQLPXP VWUHVV DQG WKH PD[LPXP VWUHVV :KHQ LW
HTXDOVWRWKHPHFKDQLFDORQO\HQGXUHVXQLD[LDOVWUHVVZKHQLWHQGXUHVRQO\VKHDUVWUHVV7KHELD[LDOLW\
LQGLFDWLRQRIWKLVPHFKDQLFDOLVVKRZQLQILJXUHIURPZKLFKZHFDQNQRZHYHU\SDUWVRIWKHPHFKDQLFDODUH
HQGXULQJERWKXQLD[LDOVWUHVVDQGVKHDUVWUHVV

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